INTRODUCTION
Marine sediments on continental margins contain varying proportions of marine and terrestrial components. On the slope and rise of several ocean margins, pollen and spores of vascular plants from adjacent continents form an important component of present and past sedimentary records (Heusser, 1978) . Brought to the offshore environment primarily by streams, pollen in marine sediments reflects the composition of vegetation in coastal drainage basins, as well as the effects of fluviomarine sedimentation (Cross, Thompson, and Zaitzeff, 1966; Stanley, 1969) .
The basic distribution patterns of present vegetation of the Pacific coast of North America are controlled by climate (Wolfe, 1979) . The maritime climate of coastal California is determined largely by the zonal circulation over the Pacific Ocean and the northwest-southeasttrending Coast Ranges (Major, 1977) . The Mediterranean-type climate of cismontane southern Californialong, warm, dry summers with mild, wet winters-is moderated by coastal fog and characterized by relatively small annual changes in temperature and precipitation. In the Santa Barbara region, for example, rainfall averages 300 to 500 mm/yr and annual temperature ranges from 11°C to 20°C (Elford, 1974) .
Coastal vegetation-salt marsh and sagebrush-is composed of broad-leaved sclerophylls and herbs. Characteristic genera are A triplex (saltbush), Salicornia (glasswort), and Artemisia (sagebrush). Chaparral consisting of woody shrubs such as Cercocarpus (mountain mahogany), Adenostoma (chamise), and Rhus (sumac) is best developed at elevations up to 300 meters. At higher elevations with increased rainfall, woodland of southern oak forest occurs; above 1,500 meters, mixed hardwood forest with coniferous vegetation including species of Pinus (pine) appears (Munz, 1974) . Areas south of 33 °N latitude coastal California and Baja California, Mexico, have a variant of hot-desert-type climate; however, desert vegetation typified by Larrea divaricata (creosote bush) is not dominant until about 30°N latitude (Major, 1977; Leopold, 1950) . As in cismontane California to the north, coastal strand vegetation and chaparral are replaced by pine-oak forest at higher elevations. On the semi-arid southernmost tip of Baja California, tropical deciduous forest is present in which species of Bursera (elephant tree) are locally common.
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The principal plant communities of coastal California are broadly reflected in continental and marine pollen records (Adam et al., 1979; Heusser, 1978) . Although little quantitative data are available on the relation between existing vegetation and pollen rain in coastal California, qualitative comparison of pollen surface data and vegetation appears to show reasonably good correlation. At 39°N latitude, oak pollen composes 80% of the pollen rain in oak woodland and about 3% of the pollen rain in the redwood and northcoast forests to the west (where conifer pollen forms 90% of the modern pollen data [L. Heusser, unpublished data] ). In surface pollen samples from coastal-strand communities in southern California, chenopods dominate the vegetation and pollen rain (P. Mudie, personal communication, 1975) . Unfortunately, pollen from some of the characteristic plants of the regional desert and tropical communities is rare or lacking in the pollen record (Cross, Thompson, and Zaitzeff, 1966) . This is largely because of the entomophilous nature of many plants from arid environments, such as desert scrub communities (Leopold, 1967) . It is important to note that in coastal California, as in many parts of the world, it is difficult to correlate pollen and vegetation data precisely due to the problems in identifying many pollen taxa beyond broad taxonomic levels. Work on the northwest coast of North America, however, has shown that it is possible to relate quantitatively major plant and pollen assemblages (C. J. Heusser et al., 1979) .
In addition to those factors affecting pollen in terrestrial environments, marine pollen assemblages are subject to the differential effects of fluviomarine sedimentation. Seaward, on the continental slope and rise, pine increases in marine pollen assemblages, probably reflecting the relative hydrodynamic efficiency of pine pollen grains, although some differential resistance to destruction may be involved (Heusser and Balsam, 1977) .
RESULTS
This study represents a reconnaissance of pollen and spores in selected cores from DSDP Leg 63 sites off California and Mexico (Fig. 1 , Table 1 ). Also shown in Figure 1 and identified in Table 1 are the localities of piston cores tops used to establish the present distribution of pollen in marine surface sediments in the area.
Pollen was concentrated from 6 to 7 cm 3 wet sediment by using microscreens in conjunction with sodium pyrophosphate deflocculation of clay-sized particles followed by standard treatment with HC1, HF, acetolysis solution, and mild oxidation. Stained with Safranin and mounted in glycerin gelatin, pollen was identified with the aid of regional reference collections. Figure 2 illustrates the percentages of the major pollen groups occurring in Leg 63 samples (in which 100 or more pollen grains were counted). Pine (Pinus) and oak (Quercus) are the most abundant arboreal types, and composites (members of the Compositae family) and chenopods (members of the Chenopodiaceae and probably including members of the Amaranthaceae) dominate the nonarboreal pollen. Not shown in the pollen diagram are infrequently occurring types-Ephedra, Alnus, spores of terrestrial plants, and palynomorphs (such as microforaminifers and dinoflagellates; dinoflagellates, in fact, form up to 80% of the total pollen + spores + palynomorphs). Pollen and spores that could be positively identified as re-worked, either by morphology or by stain acceptance, were never abundant. pollen decreases southward from Piston Core Sites A to I and DSDP Site 64-480. The rise of pine pollen at Sites J, K, and L illustrates the increase in the relative abundance of pine seawards, mentioned previously. Highest proportions of oak pollen are found off central California (Sites E-I). Nonarboreal pollen, primarily that of composites, forms over 50% of pollen in modern marine sediments off southern California and Mexico (Sites H-L, DSDP Site 64-480). Greater prominence of members of the Rosaceae (rose), Rhamnaceae (buckthorn) and Anacardiaceae (sumac) families found in chaparral vegetation occurs in surface sediments off southern California. Pollen in cores frβm Hole 467 (Fig. 2) shows large fluctuations in the relative abundance of pine (10-80%), composites (2-50%), and total nonarboreal pollen (6-60%). Little apparent difference is shown by the percentages of the major pollen taxa between Miocene, Pliocene, and Pleistocene samples. Representatives of pollen types not found in present vegetation occur occasionally in lower Pliocene samples, for example, Ilex, Ulmus, Tilia, and Pterocarya. And along with Liquidambar, these types are found in Miocene samples. Artemisia was first observed in Core 467-42.
DISCUSSION
Cores from the outer California Continental Borderland (Holes 467, 468, and 469) and from the mouth of the Gulf of California (Hole 473) contain relatively large amounts of pollen, quantities comparable with concentration of pollen in marine surface samples in area (Cross, Thompson, and Zaitzeff, 1966; Heusser and Balsam, 1977) . The scarcity of pollen in holes off Baja California, Mexico (with its desert-vegetation environments) is probably because of the relative lack of pollen dispersal by the plants of this area and the absence of permanent drainage to transport the pollen to the marine environment. Similar reasons were suggested to account for differences in the concentration of pollen in sediments of the Mediterranean Sea (Koroneva, 1971) . As in surface sediments of the continental margin of the Pacific Ocean north of the area drilled during Leg 63, high pollen content appears correlative with high organic content in Hole 467, suggesting similar sedimentary controls.
The reconnaissance nature of the pollen analyses from Hole 467 precludes any definite stratigraphic or climatic inferences from the cores. The Miocene through Pleistocene pollen assemblages from Hole 467 at San Miquel Gap have an overall similarity to pollen assemblages found in marine surface samples from offshore northern California to the Gulf of California. This suggests that conditions in the source areas of the pollen-the coastal drainage basins to the east-did not vary greatly from present conditions, which range from Mediterranean California to desert climates. The initial pollen data from Hole 467 can be interpreted as indicating that climate on the coast adjacent to the northern California Borderland was warmer and drier in the Pliocene than in the Pleistocene; however, high percentages of composite and chenopod pollen in Pleistocene samples do suggest a summer-dry climate through the past few million years. This agrees with geologic, pedologic, and paleobotanic evidence that late Quaternary climate changes did not basically alter the semi-arid climate of coastal California (Johnson, 1977) . Pollen analyses of samples from DSDP Hole 434 (39°28'N, 127°16'W)to the north of Hole 63-467 suggest similar climatic changes: Pliocene samples contain lower percentages of conifers such as spruce (Picea), and western hemlock (Tsuga heterophyllá) than do Pleistocene samples (L. Heusser, unpublished data). The apparent increase of composites at the end of the Miocene may also in part reflect evolutionary expansion of the Compositae family, which first appeared in the lower Miocene (Leopold, 1969) .
Miocene and Pliocene pollen data from Hole 467 are generally similar to pollen data from approximately isochronous units in the Los Angeles Basin, California (Martin and Gray, 1962) . Like the offshore core, the marine sediments in the Wilmington, California core are dominated by pine. The continual presence of pollen from herbs and shrubs such as chenopods, composites, and Ephedra is interpreted as indicative of the presence of arid plant communities in the coastal California area since the late Miocene.
Evidence from continental sediments bearing on the development and relationships of California flora during the Miocene, Pliocene, and Pleistocene suggests that summer-dry climates are a post-Eocene development in southern California (Munz, 1974; Raven and Axelrod, 1977) . By early Miocene, sclerophyllous vegetation covered much of southern California, and the midPliocene appears to have been the dryest part of the California Tertiary (Axelrod, 1978) . The last exotic broad-leaved deciduous trees are found in the upper Pliocene. Near Santa Rosa, California, late Pliocene coastal forest of spruce, fir {Abies), western hemlock, and Sequoia also contains species of Ulmus and Ilex (Axelrod, 1944) . Vegetation during the Pleistocene is characterized more by geographic displacements than by taxonomic change. The pollen data from Hole 467 fit within the framework of the paleobotanical evidence.
CONCLUSION
Variations in marine biota off California reflect evolutionary and climatic change in the marine environment since the Tertiary. Variations in the continental biota of California reflect evolutionary and climatic changes in the environment of the adjacent continent during the same time interval. Palynological reconnaissance of sediments from Hole 63-467 suggests that further detailed pollen analyses should produce a relatively continuous record of the development of the continental coastal biota and climates during the late Cenozoic, which would be directly correlative with the marine record.
